1. Background
=============

As our population age increases, the need for arthroplasty surgery increases physiological stress ([@A84228REF1]-[@A84228REF3]). In addition, arthroplasty in the elderly is more likely to lead to increased morbidity due to multiple factors ([@A84228REF4], [@A84228REF5]). Despite good surgical outcomes, major perioperative complications may occur. There are reports of more incidences of cardiac complications in these patients ([@A84228REF6]). The incidence of perioperative acute myocardial infarction (MI) was reported between 0.25% in total hip arthroplasty (THA) and 0.18% in total knee arthroplasty (TKA) ([@A84228REF7]). Moreover, in recent studies, the incidence of perioperative myocardial injury in non-cardiac surgery was 16% and the majority of them (82%) had not any ischemic symptom. Typical chest pain was shown in only 6% of the patients ([@A84228REF8]).

Perioperative cardiac complications represent a major concern after orthopedic surgery. One of the diagnostic methods is the evaluation of cardiac troponin I (cTnI) serum level, which is used as a marker for tissue damage in the MI ([@A84228REF9]). In clinical practice, increasing serum levels of cTnI is a criterion used for the detection of cardiac injury ([@A84228REF10]). Nevertheless, this is also affected by non-cardiac diseases and non-ischemic heart diseases ([@A84228REF11]). The troponin biomarker is one of the proteins controlling the reaction between actin and myosin by calcium ([@A84228REF12]). This protein has cytosolic and structural deposits, but most of the reserves are of a construction type. The initial release of troponin in cardiac injuries is thought to be cytotoxic ([@A84228REF13]). With the proliferation of ischemia, the destruction of actin and myosin filaments occurs, leading to the release of troponin ([@A84228REF14]). Conditions such as septic shock can reduce ventricular performance. It can increase the cTnI levels without causing necrosis by presenting the permeability of the myocyte membrane and ventricular dysfunction ([@A84228REF15]).

Regarding the predictive role of cTnI in perioperative cardiac damage and due to inadequate data about the effect of related variables, this study was designed to measure the level of cTnI before and after arthroplasty for one year in patients undergoing THA and TKA at an orthopedic center. We also examined the related factors affecting cTnI levels and major cardiac complications associated with cTnI changes.

2. Methods
==========

After receiving an approval from the Local Research Ethics Committee (number IR.TBZMED.REC.1396.484) and obtaining informed consent for inclusion from all subjects before they participated in the study, all patients older than 40 years of age who were undergoing TKA and THA at an orthopedic center between September 2016 and August 2017 were enrolled. They included 52 patients, comprising 20 unilateral total knee and 32 total hip arthroplasty cases. The exclusion criteria were the patients with end-stage renal disease, acute MI, recent MI, atrial fibrillation, hypertrophic cardiomyopathy, tachycardia, rhabdomyolysis, and strenuous exercise that might change the cTnI levels. After confirming the indication of arthroplasty ([@A84228REF16], [@A84228REF17]), a medical history including underlying illnesses, drug history, history of hospitalization due to cardiovascular disease, daily activity, and history of previous surgery were recorded. Several weeks before scheduled arthroplasty, the patients had a preoperative anesthetic evaluation. General anesthesia was used in all patients with midazolam (Aburaihan, Iran) 0.03 mg/kg and fentanyl (Rotexmedica, Germany) 1 - 2 µg/kg. For induction, propofol (Fresenius Kabi, Austria) 2 mg/kg and atracurium besylate (Aburaihan, Iran) 0.5 mg/kg were taken and the intubation was performed. During the surgery, given the hemodynamic conditions, the patients had an intravenous infusion at 0.05 - 0.2 mcg/kg/min remifentanil (Hameln, Germany). Isoflurane (AbbVie Ltd., UK) 0.6 - 0.8% and nitrous oxide plus oxygen gas (50%:50%) were utilized along with remifentanil for maintenance of anesthesia. For analgesia after arthroplasty, oral acetaminophen (Arya, Iran) and intravenous morphine sulfate (Darou Pakhsh, Iran) were prescribed as needed. During the arthroplasty, patients underwent non-invasive blood pressure (NIBP) and cardiac monitoring. Therapeutic measures were taken if the changes in blood pressure were more than 30% of the basic level. In the patients under TKA, the duration of the closure of the tourniquet and possible hemodynamic changes were recorded. cTnI values of higher than 1.3 ng/mL were considered positive and the assay sensitivity was 0.030 ng/mL. Before and after arthroplasty, electrocardiogram (ECG) was performed and changes were evaluated by a cardiologist. The cTnI level was evaluated at the beginning of the entry to the post-anesthesia care unit, as well as at one and six hours after arthroplasty. Patients with elevated levels of cTnI were assessed continuously; the cases with increased levels, ECG changes, or angina symptoms presented further action taken by the cardiologist. Patients with evidence of MI were transferred to the cardiac care unit (CCU) for additional workup. In the postoperative period, more evaluation would be done in case of signs and symptoms of deep venous thrombosis (DVT) and pulmonary thromboembolism (PTE). To compare troponin changes before and after arthroplasty, troponin levels were compared before and 48 hours after arthroplasty.

Data were analyzed using IBM SPSS version 23. The Kolmogorov-Smirnov test and histograms were used to check the normality of data distribution. In order to investigate the relationship between variables, Chi-square, Pearson Correlation, and Spearman tests were used. The Independent Sample *t*-test and Paired Sample *t*-test were used to compare the mean of the data. Multi-variable Linear Regression analysis was used to modulate confounding variables. In this study, the P \< 0.05 was considered significant.

3. Results
==========

The demographic and preoperative clinical findings are summarized in [Table 1](#A84228TBL1){ref-type="table"}. The mean cTnI level before arthroplasty was 0.14 ± 0.05 ng/mL: 0.15 ± 0.05 ng/mL in THA and 0.12 ± 0.04 ng/mL in TKA patients. There was no significant difference in the mean preoperative cTnI level between the two groups (P = 0.270). The mean cTnI level after arthroplasty was 0.3 ± 0.17 ng/mL with a range of 0.1 - 0.8; this value was 0.33 ± 0.19 ng/mL in THA and 0.25 ± 0.11 ng/mL in TKA patients. The Paired Sample *t*-test showed that the mean cTnI level significantly increased 48 hours after arthroplasty compared to the preoperative level (P \< 0.001). In addition, Independent Samples *t*-test showed that there was no significant difference in the cTnI level between the two groups after arthroplasty (P = 0.073). There were no out-of-range changes in the hemodynamic status. Before arthroplasty, ECG was normal in 48 cases and in two cases, there was tall T; one case of Q wave in lid 3 and one case of poor R progression without any changes were observed after arthroplasty. Six patients were admitted to the intensive care unit (ICU) after arthroplasty. Other patients did not need to be admitted to the ICU or CCU. Six patients had a cardiac complication after arthroplasty comprising five cases of heart palpitation and one case of chest pain; none of them had any changes in ECG and echocardiography or excessive increase in cTnI levels. Moreover, none of the patients had signs and symptoms of DVT or PTE. There was no significant correlation between age and cTnI levels after arthroplasty (P = 0.474). The mean cTnI level after arthroplasty was 0.3 ± 0.15 ng/mL in males and 0.3 ± 0.18 ng/mL in females; the between-gender difference was not significant (P = 0.900). In addition, the correlation between BMI and cTnI changes after arthroplasty was not significant (P = 0.195). In the evaluation of the correlation of daily activity with cTnI levels, in patients with a sedentary lifestyle, the mean postoperative cTnI level was 0.24 ± 0.34 ng/mL and in patients with an active life, it was 0.29 ± 0.14 ng/mL (P = 0.44). The mean postoperative cTnI level in patients with a history of hospitalization due to cardiovascular diseases was 0.2 ± 0.09 ng/mL and in patients without the history, it was 0.31 ± 0.17 ng/mL (P = 0.553). The linear regression test showed the BMI is the only variable that could affect cTnI levels after arthroplasty ([Table 2](#A84228TBL2){ref-type="table"}).

###### Preoperative Demographic and Clinical Data

  All THA,TKA Procedure (N = 52)   Values^[a](#A84228TBL1FN2){ref-type="table-fn"}^
  -------------------------------- --------------------------------------------------
  **Age (y)**                      63.9 ± 10.8 (min = 40, max = 79)
  40 - 49                          7 (21.9)
  50 - 59                          5 (9.6)
  60 - 69                          22 (42.3)
  70 - 79                          18 (34.6)
  **Gender (M/F)**                 20/32 (38.5/61.5)
  **Weight (kg)**                  78.4 ± 9.8 (min = 58, max = 95)
  **BMI (kg/m** ^**2**^ **)**      29.84 ± 4.17 (min = 22.38, max = 38.78)
  **Type of surgery**              
  THA                              32 (61.5)
  TKA                              20 (38.5)
  **Medical history**              
  DM                               12 (23.1)
  HTN                              26 (50)
  IHD                              6 (11.5)
  COPD                             3 (5.8)
  **Medication**                   
  Metformin                        6 (11.5)
  Insulin                          4 (7.7)
  ARB                              22 (42.3)
  Hypolipidemic agents             7 (13.4)
  **Surgery history**              19 (36.5)
  **Active/sedentary lifestyle**   43/9 (82.7/17.37)

Abbreviations: ARB, angiotensin receptor blocker; BMI, body mass index; COPD, chronic obstructive pulmonary diseases; DM, diabetes mellitus; HTN, hypertension; IHD, ischemic heart disease; THA, total hip arthroplasty; TKA, total knee arthroplasty.

^a^Values are expressed as mean ± SD or number (percentages) unless otherwise indicated.

###### Factors Affecting Troponin Changes After Arthroplasty

  Variables                   Beta Coefficient   P Value
  --------------------------- ------------------ ---------
  **Age**                     -0.625             0.708
  **Gender**                  0.302              0.225
  **BMI**                     0.678              0.006
  **Disease history**         0.308              0.244
  **Medication**              0.475              0.125
  **Admission history**       -0.478             0.208
  **Surgical type**           -0.43              0.102
  **Active life style**       0.095              0.697
  **Preoperative troponin**   0.723              0.723

Abbreviation: BMI, body mass index.

4. Discussion
=============

Due to postoperative analgesia and hypnotic drugs, MI may be clinically silent. The underlying diseases such as diabetes mellitus can trigger the asymptomatic MI. Some previous studies reported the different sensitivities for ECG with the highest sensitivity of 73% for MI detection ([@A84228REF18], [@A84228REF19]). In addition, the enzyme levels evaluation is a noninvasive, safe, and sensitive method for the detection of cardiac complications.

According to the results of this study, the mean cTnI level significantly increased 48 hours after arthroplasty compared to the preoperative level; however, in all of the patients, the values did not exceed the normal range. Based on the diagnostic criteria for MI ([@A84228REF20]), the results of the present study suggested that none of the THA and TKA patients had a new perioperative cardiac complication.

The cTnI levels elevation after non-cardiac surgery was reported by Urban et al. ([@A84228REF21]). Inconsistent with the present study findings, despite that the mean cTnI levels after non-cardiac surgery increased, none of them had MI.

In a study of cTnI levels in patients undergoing orthopedic surgery with risk factors for coronary artery diseases, only five patients had an increasing cTnI levels and 11 patients had creatine kinase-MB elevation among 85 patients ([@A84228REF22]). In contrast, in our study, we found the cTnI levels in the normal range in all of the 52 patients.

One of the previous well-designed studies in patients with hip surgery was performed by Ausset et al. ([@A84228REF23]) showing that 12.5% of patients had elevated cTnI levels during admission. In addition, 45% of patients with elevated cTnI during follow-up suffered from a major cardiac event. In contrast, in our study, none of the patients had a cardiac event but troponin levels significantly increased after arthroplasty although they were in the normal range. Our study is limited in the long-term outcome because we did not follow up patients after discharge from the hospital.

In another study, the incidence of cTnI elevation in older patients was 52.9% and after one year, 32.4% sustained a cardiac complication ([@A84228REF24]).

In a similar observation by Chong et al. ([@A84228REF25]) on the troponin levels and cardiac outcome in orthopedic surgeries, the incidence of troponin elevation pre and postoperatively was 15.5% and 37.4%, respectively, the majority of which was asymptomatic. The first day after surgery was the common day for postoperative troponin elevation. However, 5.7% had symptoms of myocardial ischemia. In terms of postoperative ECG change, the correlation between ECG change and troponin elevation was poor. The average age of patients in that study was about two decades higher than that in our study, and only half of the patients had major orthopedic surgery. Similarly, there was no relationship between demographic factors and troponin levels. These findings are similar to those of previous studies. As Ausset et al. ([@A84228REF23]) reported, there was no meaningful relationship between increased troponin levels, the age, and the incidence of postoperative cardiac complications in patients undergoing hip surgery.

A recent single-center study ([@A84228REF26]) of the cardiac event in patients undergoing THA, TKA, and posterior spinal fusion showed that 20.6% of patients at risk of postoperative cardiac ischemia had elevated cTnI levels; 8.7% of patients had a myocardial injury and 1.2% of these patients (10/805) had a postoperative MI. Although this study just evaluated the patients at risk of postoperative myocardial ischemia, the significant troponin elevation confirms our findings of the postoperative elevation of cardiac troponin. In addition to the differences in inclusion criteria, the challenging differences between these two studies have the opposite effect of risk factors on troponin levels. Therefore, in our study, among the demographic factors, only the relationship between BMI and troponin was significant, but in this study, age had a significant relationship with troponin.

This increase in troponin levels can be due to other features requiring further investigation. As previous studies have shown, there are several reasons for increasing troponin without necrosis, including tachycardia and bradycardia ([@A84228REF27]), atrial fibrillation ([@A84228REF28]), septicemia ([@A84228REF29]), hypertrophic cardiomyopathy ([@A84228REF30]), coronary vasospasm ([@A84228REF31]), stroke and subarachnoid hemorrhage ([@A84228REF32]), rhabdomyolysis ([@A84228REF33]), renal failure ([@A84228REF34]), aortic dissection ([@A84228REF35]), infiltrative diseases such as amyloidosis ([@A84228REF36]), drug poisoning such as Adriamycin ([@A84228REF37]), and hypovolemia ([@A84228REF33]). According to the present study, all increases in cTnI levels after arthroplasty are not necessarily attributed to myocardial injury. As six patients studied had symptoms of heart disease, further investigation showed that they had no cardiac problems. Therefore, arthroplasty can be added to the factors listed above as a troponin enhancer.

However, this study has some limitations. Follow-up of the patients was not long enough. Moreover, increased troponin without clinical findings needs to be studied more physiopathologically. The assay used in some studies was highly sensitive to cTnI, but the assay used in this study is a routine assay in our hospitals across the country; thus, the results can be more practical. Although our data were collected at a single center, the study setting was an academic and referral hospital. It is suggested conducting the analysis of the cTnI according to the patient's condition and by considering other effective factors.

4.1. Conclusion
---------------

The findings of this study showed that troponin levels increased significantly after THA and TKA, but all of them were in the normal range. The postoperative increase of cTnI in the normal range was not associated with clinical sign and symptoms. No ECG changes were observed in any of the patients after surgery, and none of them developed a cardiac injury. Only was BMI associated with troponin changes after surgery.
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